Hydroxamic acids are defensive secondary metabolites in wheat, the most abundant aglucones being DIMBOA and DIBOA. The location of genes coding for the accumulation of hydroxamic acids by wheat (Triticum aestivum L.) seedlings was explored comparing the euploid of cultivar Chinese Spring with aneuploids of the same cuitivar, and substitution lines of cultivar Chinese Spring with cultivar Cheyenne. Significant differences in DIBOA and DIMBOA concentrations in young seedlings with respect to tile euploid (0.08 and 5.9 mmoi kg1 fresh weight, respectively) were found in the following lines: monosomic lines 4A (3.9 and 2.8) and 5B (0.29 and 2.7), substitution line 4A (1.7 and 3.2) and nulli/tetra lines N4AT4B (0.39 and 7.0), N4AT4D (0.20 and 0.48), N5BT5A (0.12 and 0.34) and N5BT5D (0.06 and 0.63). These results suggest the involvement of chromosomes of group 4 and also chromosome SB in the accumulation of hydroxamic acids in wheat seedlings.
Introduction
Hydroxamic acids (Hx) are a family of secondary metabolites of cereals discovered over three decades ago in relation to the resistance of rye to fungal diseases (Niemeyer & Perez, 1995) . They are present in wheat and maize, as well as in a wide range of wild Gramineae (Niemeyer, 1988a,b; Niemeyer et al., 1992) . Hx exist in the intact plant as glucosides that, upon injury to the plant tissue, are transformed to the more toxic aglucones by an endo-/3-glucosidase (Hofman & Hofmanova, 1969; Cuevas et aL, 1992) . In wheat extracts, the most abundant aglucone is 2,4-dihydroxy-7-methoxy-1 ,4-benzoxazin-3-one (DIMBOA), whereas its demethoxylated analogue, DIBOA, is a minor constituent (Niemeyer, 1988a) .
Two different ways of producing DIMBOA aglucone have been reported: synthesis via the methoxylated lactam, supported by time-course studies of the incorporation of radiolabel froni putative precursors into Hx in maize seedlings (Tipton et al., 1973) , and synthesis from DIBOA, supported by time-course *Correspondence E-mail: niemeyer@abu1afiaciencias.uchiIe.cl studies of the accumulation of Hx in wheat callus cultures (Zdniga et aL 1990) (Fig. 1) . The hydroxamic acid aglucones are further transformed into glucosides for storage (Leighton et al. 1994 ).
Several lines of argument point to the potential usefulness of Hx in developing wheat cultivars resistant to aphids, a major cereals pest worldwide: (i) Fix are capable of reducing cereal aphid populations through antibiosis (Argandona et al. 1980 ) and antixenosis (Nicol et al. 1992; Givovich & Niemeyer 1995) , and of decreasing infection of wheat by barley yellow dwarf virus through deterrence of aphid feeding (Givovich & Niemeyer 1991) ; (ii) the developmental time of the aphid-predatory ladybird Eriopis connexa (Germar) is shorter, and the number of aphids ingested higher, when the beetle feeds on aphids from a high-Hx wheat cultivar compared with an intermediate-Fix cultivar (Martos et al. 1992) , suggesting that higher Fix levels in wheat could promote the beneficial effects of the predator; (iii) sublethal doses of insecticide are more effective on aphids feeding on a high-Fix wheat cultivar than on a low one (Nicol ci' al. 1993) ; and (iv) increased levels of Hx do not involve a yield penalty in fieldgrown wheat (Gianoli et al. 1996) .
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Results and discussion
The basis for these studies was the hexaploid wheat cultivar Chinese Spring. This cultivar has been the subject of extensive genetic studies and also showed a high concentration of DIMBOA at the seedling stage (5.9 mmol kg1 fresh weight). Analysis of Chinese Spring monosomic lines is shown in Fig. 2 . Significant differences in Hx concentrations were obtained when either chromosome 4A or 5B was absent, suggesting a dosage effect and the presence in these chromosomes of genes involved in Hx (Niemeyer 1988b) . The low concentrations of both DIBOA and DIMBOA in the nulli/tetra line, CS-N4AT4D (Table 1) , is consistent with this and suggests the presence in chromosome 4D of a gene inhibiting the accumulation of Hx. In the case of monosomic line 5B, the significant decrease in DIMBOA with no significant change in DIBOA with respect to the cultivar suggests the presence in chromosome 5B of genes coding for a pathway producing DIMBOA without the involvement of DIBOA, presumably through the methoxylated lactam (Fig. 1) . Thus, when this chromosome is present in reduced proportion, as in the mono- In summary, the results of this study suggest a multigenic control of the accumulation of hydroxamic acids in wheat involving chromosomes 4A, 4B, 4D and 5B.
